For at least 50 years, stroke death rates have been higher in the southeast region of the United States than in other US regions. To test the hypotheses that stroke incidence is higher in the Southeast than in other regions and that higher levels of known stroke risk factors in the Southeast explain the difference in incidence, data were analyzed from a nationally representative, longitudinal cohort study of a sample drawn from the US population, the First National Hearth and Nutrition Examination Survey (NHANES I) Epidemiologic Followup Study (1971)(1972)(1973)(1974)(1975)(1976)(1977)(1978)(1979)(1980)(1981)(1982)(1983)(1984)(1985)(1986)(1987). In white men and women aged 45-74 years, the risk of stroke was significantly higher in the Southeast than the Northeast or the West in men and the Midwest in women. In white men, this excess risk could not be explained by regional differences in multiple stroke risk factors (Northeast vs. Southeast risk-adjusted relative risk = 0.71,95% confidence interval 0.52-0.98). In white women, some of the excess risk associated with residence in the Southeast compared with the Midwest could be explained by the regional differences in risk factors measured in NHANES I (Midwest vs. Southeast risk-adjusted relative risk = 0.73, 95% confidence interval 0.53-1.00). In blacks, regional differences that were statistically significant could not be demonstrated. However, a strong association of increased stroke risk with nonmetropolitan residence in blacks was demonstrated that was independent of region or other stroke risk factors. Higher stroke incidence rates in the Southeast contribute to the higher stroke mortality rates in that US region. Am J Epidemiol 1996; 144:665-73. blacks; cerebrovascular disorders; geography; rural population; urban population; women For at least 50 years, stroke death rates have been higher in the southeast region of the United States than in other US regions (1, 2). Analysis of Medicare hospitalization data indicated that stroke hospitalization rates are also higher in the Southeast than in other regions (3). However, little difference in case fatality rates was found among regions, suggesting that variation in stroke incidence and/or recurrence might be the most important determinants of variation in mortality (3). Although a number of descriptive and ecologic analyses have attempted to determine the reason for the geographic pattern, no previous studies have directly examined the hypotheses that stroke incidence is higher in the Southeast than in other regions, and in nonmetropolitan than in metropolitan areas, and that higher levels of known stroke risk factors in the Southeast explain the difference in incidence. This report presents results of tests of these hypotheses using data from a nationally representative, longitudinal cohort study of a sample drawn from the US population.
For at least 50 years, stroke death rates have been higher in the southeast region of the United States than in other US regions (1, 2) . Analysis of Medicare hospitalization data indicated that stroke hospitalization rates are also higher in the Southeast than in other regions (3) . However, little difference in case fatality rates was found among regions, suggesting that variation in stroke incidence and/or recurrence might be the most important determinants of variation in mortality (3) . Although a number of descriptive and ecologic analyses have attempted to determine the reason for the geographic pattern, no previous studies have directly examined the hypotheses that stroke incidence is higher in the Southeast than in other regions, and in nonmetropolitan than in metropolitan areas, and that higher levels of known stroke risk factors in the Southeast explain the difference in incidence. This report presents results of tests of these hypotheses using data from a nationally representative, longitudinal cohort study of a sample drawn from the US population.
MATERIALS AND METHODS

Study population
The NHANES I Epidemiologic Followup Study (NHEFS) is a longitudinal study of participants in the First National Health and Nutrition Examination Survey (NHANES I) who were 25-74 years of age at the time of the survey examination in 1971-1975 (4-7) . The personal interviews and physical and laboratory examinations of NHANES I provided the baseline data for the NHEFS. This analysis was based on three waves of follow-up data collected during 1982-1984, 1986, and 1987 . Data collected consisted of interviews, health care facility medical records for the period between baseline and last follow-up, and death certificates for all decedents. Information about the place and date of hospitalizations was obtained from the follow-up interviews and/or death certificates. The completeness of data collection has been reported (8, 9) . This analysis included white and black persons 45-74 years of age at baseline examined in NHANES I. Of the 7,874 white and black persons 45-74 years of age at baseline, 135 (1.7 percent) were lost to followup. Excluded from the analyses were 107 persons with unknown baseline physical activity history, systolic blood pressure, diabetes history, cigarette smoking status, history of heart disease, educational attainment, or alcohol consumption. Additionally excluded were 128 persons with no follow-up interview or death certificate and 244 persons who had a positive history of stroke at baseline, defined as those who had ever been told by a doctor that they had a stroke prior to the baseline interview. After all exclusions, 7,260 persons remained for the analyses (6, 198 white persons and 1,062 black persons). The mean length of follow-up for stroke-free survivors for the mortality analyses was 12 years.
Outcome definitions
Incident stroke cases met at least one of the following criteria (10, 11): 1) a death certificate with underlying or nonunderlying cause of death coded 431-434.9, 436, or 437.0-437.1 using the International Classification of Diseases, Ninth Revision; or 2) one or more hospital and/or nursing home stays during the follow-up period with any discharge diagnosis with these codes using the International Classification of Diseases, Clinical Modification. The date of incidence was estimated as one of the following: 1) date of first hospital admission with a stroke diagnosis or 2) date of death for stroke deaths without any stroke hospital records. Table 1 shows the number of incident cases of stroke in the analysis cohort by race, sex, and region.
Baseline variables
The region and urbanization level of the place of residence were determined from the household address of the subject at baseline examination. Definitions of the regions, shown in the Appendix, differ from those of the US Bureau of the Census (4, 5) . Urbanization definitions were as follows: a standard metropolitan statistical area (SMSA) [was] basically a county or a group of contiguous counties which contains at least one city of 50,000 inhabitants or more, or "twin cities" with a combined population of at least 50,000. In addition to the county or counties containing such a city or cities, contiguous counties were included in an SMSA if, according to the 1960 Census, they were socially and economically inte- Analysis levels were the following: 1, in SMSA, in central city ("central city"); 2, in SMSA, not in central city ("suburb"); 3, not in SMSA ("not SMSA").
The baseline medical history questionnaire provided information about selected conditions (e.g., diabetes) diagnosed by a doctor (4, 5) . A positive history of heart disease at baseline was defined as having ever been told by a doctor that one had ever had a heart attack or heart failure or having used any medicine, drugs, or pills for a weak heart during the 6 months prior to the baseline interview. Other baseline variables were measured as described elsewhere (4, 5, (12) (13) (14) (15) .
Statistical methods
Stroke incidence rates were calculated as the number of incident cases per 1,000 person-years at risk. Estimates of the risk of stroke incidence for persons residing in each region relative to those residing in the southeast region were derived from Cox proportional hazards regression models computed using the PHREG procedure in the Statistical Analysis System (SAS) (16) . Persons who did not develop stroke were censored at either the date of their last follow-up interview or their date of death.
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All models included the age at baseline in single years as a covariate. Risk-adjusted models included the following baseline variables: current cigarette smoking (yes, no), systolic blood pressure (mmHg), history of diabetes (yes, no), educational attainment (<12 years, ^12 years), history of heart disease (yes, no), alcohol consumption (yes, no), and nonrecreational physical activity level (low, medium, high). Results were essentially the same using expanded models (not shown) that included serum cholesterol (<200, 200-239, >239 mg/dl), number of cigarettes smoked (smokers only), and body mass index (weight (kg)/height (m) 2 ). Separate models were developed for white men, white women, and blacks. Models for blacks included sex as a covariate. Effects of urbanization were examined in separate models for the Southeast and for all other regions combined because of sample size constraints and the different pattern of urbanization in the Southeast compared with other regions.
To assess the effect of the complex survey design on the results, Cox proportional hazards regression analyses were performed using PROC SURVIVAL in SUDAAN to incorporate the sample weights and the stratification and clustering in the analysis (17, 18) . The results were consistent with minimal effects of the complex survey design on the main conclusions derived from the unweighted estimates. Therefore, the estimates from the unweighted Cox regression models are presented. However, weighted means and percentages are shown in table 2 to show results more nearly in agreement with those previously published for NHANESI. Table 2 shows the levels of selected stroke risk factors by region, sex, and race in the analysis cohort. Among whites, the prevalence of current smoking, abstinence from alcohol, low education, diabetes, history of heart disease, prevalence of hypertension, and residence in a nonmetropolitan area were generally higher in the Southeast than in other regions. The prevalence of abstinence from alcohol, low education, residence in a nonmetropolitan area, and mean blood pressure also tended to be higher in the Southeast than in other regions among blacks.
RESULTS
In white men aged 65-74 years, the incidence rate of stroke per 1,000 person-years was higher in men residing in the southeast region than in men residing in other regions (table 3) . At ages 45-64 years in white t Adjusted for baseline age, smoking, history of diabetes, history of heart disease, education, systolic blood pressure, alcohol use, and physical activity.
men, the incidence rates were higher in the Midwest and Southeast than in the Northeast and West
In white men aged 45-74 years, the risk of stroke was significantly lower in the northeast and west regions compared with the southeast region after adjusting for age (table 3) . Relative risks were not changed when all risk variables were added to the model. These results suggest that, in white men, regional differences in stroke risk exist that cannot be explained by the stroke risk factors measured in NHANES I.
In white men aged 45-74 years, the incidence rates for stroke varied little across the levels of urbanization of the place of residence (table 4). There was no significant association seen within the Southeast or within all other regions combined between stroke risk and urbanization level (table 4) .
In white women aged 65-74 years, the incidence rate of stroke was highest among those residing in the southeast region, intermediate among those residing in the northeast and west regions, and lowest among those residing in the midwest region (table 3). The same pattern was seen at ages 45-64 years. In white women aged 45-64, 65-74, and 45-74 years residing in the southeast region, the age-adjusted stroke risk did not differ significantly compared with the northeast or west regions. However, in the Midwest, the ageadjusted risk was significantly lower for women aged 65-74 and 45-74 years than in the Southeast (table 3) . This association was diminished but remained borderline significant after controlling for other risk variables. These findings suggest that only part of the regional differences in stroke incidence in white women can be explained by regional differences in the risk factors measured in NHANES I.
White women aged 45-74 years residing outside an SMSA had only slightly higher incidence rates of In blacks aged 45-64 and 65-74 years, the incidence rates for stroke were slightly higher in the Southeast than in all other regions combined (not shown). At ages 45-74 years, the stroke risk in all other regions combined did not differ significantly from that in the Southeast in blacks: age-and sex-adjusted relative risk = 0.78, 95 percent confidence interval 0.56-1.07; risk-adjusted relative risk = 0.87, 95 percent confidence interval 0.63-1.21. Incidence rates were higher for blacks residing outside SMSAs than for those residing in central cities of SMSAs (table 4). Residence outside SMSAs was significantly associated with higher age-and sex-adjusted and with risk-adjusted risk of stroke compared with residence in a central city (table 4) .
DISCUSSION
In white men aged 45-74 years, residence in the Southeast was associated with a 39 percent increased age-adjusted risk of stroke incidence compared with the northeast region. This excess risk could not be explained by regional differences in multiple stroke risk factors. In white women aged 45-74 years, only part of the 59 percent excess in age-adjusted risk associated with residence in the Southeast compared with the Midwest could be explained by the regional differences in risk factors measured in NHANES I. In blacks, statistically significant regional differences could not be demonstrated, probably because of limited statistical power. However, a strong association of increased stroke risk with residence outside SMSAs in blacks was demonstrated that was independent of region or other stroke risk factors. This is the first nationwide study that attempts to explain geographic variation in stroke incidence or mortality using individual-level variables and a prospective cohort study design rather than more limited ecologic methods.
Am J Epidemiol Vol. 144, No. 7, 1996 A recent analysis of 1989 Medicare data showed high rates of hospitalization for stroke in the Southeast and low rates in Mountain and Northeast states, consistent with NHEFS data for incidence (3) . Incidence is one of the chief determinants of hospitalization rates together with prevalence, comorbidity, and factors related to medical practice and access to care. The lack of variation in case fatality rates calculated from 15 through 180 days after admission for stroke in Medicare data suggests that variation in stroke mortality is likely related to variation in stroke incidence and/or other factors influencing hospital utilization (3). In whites in 1965, the Nationwide Cerebrovascular Disease Morbidity Study found a higher incidence of hospitalized stroke in three areas with high stroke death rates (Upper Coastal Plain, North Carolina; Pee Dee, South Carolina; Savannah, Georgia) than in three low-rate areas (Miami, Florida; Denver, Colorado; Flint Hills, Kansas) (19) . Stroke hospital case fatality did not vary consistently among areas. No data on stroke risk factors were available in these studies. NHEFS data are consistent with these studies in showing a high incidence of stroke in the Southeast as being an important factor in the high stroke mortality in that region (1) (2) (3) 19) .
A previous study of regional variation in ischemic heart disease incidence showed a pattern consistent with patterns of mortality from the same cause, namely, low incidence in the West compared with other regions (20) . Differences in baseline risk factors could explain none of the difference between the West and all other regions combined.
Few studies have examined urbanization as well as region in relation to stroke mortality, and none have examined stroke incidence. In an unpublished analysis of data from the National Center for Health Statistics for 1968-1985, the age-adjusted rate of stroke death showed little effect of urbanization in the Midwest and West. However, in the Southeast and Northeast, stroke death rates were higher in nonmetropolitan areas than in suburbs or central cities in both whites and blacks. Death rates were higher in the Southeast than in other regions for residents of small metropolitan and nonmetropolitan areas. The current NHEFS analysis is not inconsistent with this demonstration of independent effects of urbanization and region on stroke mortality.
Similarity in the geographic distribution of stroke mortality and of several major stroke risk factors has led to the suggestion that these factors may explain the variation in stroke mortality (1, 21, 22) . However, major inconsistencies in the patterns of risk factors and stroke mortality are consistent with NHEFS findings that standard risk factors explain at most only part of the variation in stroke mortality. A few analyses have examined the variation in prevalence of hypertension among US regions (23, 24 ). An analysis of data from the Second National Health and Nutrition Examination Survey (NHANES IT) (1976) (1977) (1978) (1979) (1980) found the prevalence of hypertension to be higher in the Southeast (44 percent) than in all other regions combined (34 percent) in black females; this difference was not found for other sex and race groups (23) . Further, hypertension control was lower for black females in the Southeast than in other regions. In NHANES I, the mean systolic blood pressure was slightly higher in the Southeast than in other regions for each sex and race group for both the NHEFS cohort (table 2) and the entire NHANES I sample (13) . An analysis of National Health Interview Survey data for 1983-1987 found a higher prevalence of self-reported hypertension in the southeast region than in other regions in both blacks and whites of both sexes, consistent with earlier reports (24, 25) . The prevalence was highest among persons residing outside SMSAs in the Southeast and Midwest (24) .
Consistent with the stroke incidence pattern, the prevalence of cigarette smoking was highest in the southeast region and lowest in the northeast region in white men and highest in the Southeast and lowest in the Midwest in white women in the NHEFS cohort (table 2) and in previous reports of National Health Interview Survey data (24) . However, this pattern was not seen for black men or women. The prevalence of self-reported heart disease was also highest in the Southeast compared with other regions among white men and white women (24) . The prevalence of selfreported diabetes was reported to be highest in the southeastern region and in the states from the eastern and north central regions (26) , consistent with NHEFS findings for white men. The prevalence of diabetes at age 35-54 years was the only stroke risk factor consistently highest in Savannah, Georgia, intermediate in Hagerstown, Maryland, and lowest in Pueblo, Colorado, duplicating the gradient of stroke mortality rates in the Three-area Epidemiologic Study (27) .
Ecologic studies have suggested a relation of low socioeconomic status and high stroke mortality (28, 29) , but such an association is inconsistently reported in cohort studies. As shown in table 2 and reported elsewhere, the education level in the Southeast was consistently lower than in other regions (24) . However, controlling for low educational attainment in addition to other risk factors did not explain regional differences in stroke risk.
Despite apparent ecologic correlations of stroke occurrence and risk factors, NHEFS analyses of individuallevel data revealed that multiple stroke risk factors failed to explain regional differences in stroke incidence in Am J Epidemiol Vol. 144, No. 7, 1996 white men and only partly explained differences in white women. It is possible that risk factors other than those included in the present analysis might be responsible for observed regional variations. Other possible stroke risk factors not considered in the present analysis that seem unlikely to explain regional variation include sickle cell disease or trait, oral contraceptive use, elevated hematocrit, climate, and syphilis (1) .
It has been suggested that the diet in the Southeast may resemble the diet associated with high stroke mortality in Japan in being lower in animal protein and higher in grain-derived complex carbohydrates and sodium than diets of other US regions (1) . It may also be lower in potassium and calcium, which also have been suggested as nutrients inversely associated with stroke occurrence. These patterns might be especially pronounced in the nonmetropolitan areas of the Southeast and among blacks.
In the Nationwide Food Consumption Survey of 1977-1978, 3-day food records (24-hour recall plus 2-day food record) for individuals showed only slightly lower meat group intake and similar fish intake in the Southeast and in other regions, but much lower fruit intake in the Southeast than in other regions (30) . About half the protein intake was from the meat group in all regions, but a lower portion was from the milk group in the South. Average nutritive values were lower in the Southeast compared with other regions for food energy, protein, calcium, and all other nutrients except iron. However, protein intake in the Southeast was still 161 percent of the Recommended Daily Allowance, but calcium intake was only 78 percent of this measure. Expressed as the intake per 1,000 kcal, protein intake was similar and calcium intake lower in the Southeast compared with those intakes in other regions.
Higher stroke risk in the Southeast in whites and in nonmetropolitan areas in blacks could also be related to a lower access to and utilization of preventive health services in these areas that are not fully controlled for by baseline risk factor levels. For example, a longer duration of undetected and/or uncontrolled hypertension in blacks in nonmetropolitan areas than in SMSAs may not be fully reflected in baseline blood pressure differences. The use of preventive services tended to be lower in the southeast region and in nonmetropolitan areas in national surveys in 1973 and 1982 (31, 32) . The finding that none of the association with SMSA in blacks in the Southeast was explained by other stroke risk factors is consistent with this interpretation (table 4) . Limitations of the study include possible bias arising from loss to follow-up, missing data on baseline risk variables, and, for the incidence analysis, missing hospital data at follow-up. A further source of possible bias was misclassification due to inaccuracy of diagnoses coded on death certificates and hospital records. Inaccuracy of baseline history of stroke could result in cases being identified during follow-up that were actually diagnosed prior to baseline. Further, for stroke incidence the year of onset was taken as the year of first hospitalization, but this could be in error if an earlier hospitalization for stroke was not reported or the records not found.
Errors in measurement of baseline variables could also result in bias, but this seems unlikely given the standardized nature of the NHANES I examination. One exception was baseline smoking data, which were derived or imputed from follow-up interview questions for about half the cohort. However, this approach has been judged valid for analyses of mortality (15) . Controlling for baseline history of hypertension in addition to baseline systolic blood pressure did not alter the results. The relatively long interval between the baseline examination and the occurrence of stroke events could produce bias toward the null because of unmeasured changes in residence prior to and after baseline. Of particular concern is the migration of healthy elderly from the Northeast to Florida (33) . This also would tend to produce bias toward the null by lowering rates for the Southeast and raising them for the Northeast. Persons not changing residence may still have experienced a change in urbanization level.
Further, misclassification of urbanization may have occurred because data from the 1960 Census were used for the baseline NHANES I classification. The impact of this was likely minimal for comparisons of metropolitan versus nonmetropolitan areas. Comparisons of the distribution of residence in SMSAs among the NHEFS sample and the 1960 and 1970 Census data revealed that the weighted percentage not in SMSAs shown in table 2 was lower than for all ages in the census for the Southeast, perhaps because regions are defined differently by the census (34). Examination surveys of the National Center for Health Statistics have found lower response rates in large metropolitan areas but higher response rates in nonmetropolitan areas in the Southeast compared with other regions (35, 36) . Therefore, results for the analyses of urbanization should be interpreted with caution, even though the use of separate models for the Southeast and "not Southeast" should minimize potential bias.
The location of the "Stroke Belt" may have shifted from the southeastern coastal plain to the Mississippi River valley (2, 37, 38) . However, this would not affect comparisons by regions as defined here.
NHANES I examination locations in the Southeast
Am J Epidemiol Vol. 144, No. 7, 1996 included both coastal plain counties and other counties (4, 5) ; hence, persons with and without "Stroke Belt" risk factor levels and other exposures at baseline were captured in this analysis.
Confounding by variables not measured cannot be excluded. Statistical power was relatively low for blacks and did not permit sex-specific analyses. The association of urbanization with stroke incidence may be confounded by within-region geographic differences. For example, in the Southeast, many urban centers lie disproportionately outside the coastal plain of North Carolina, South Carolina, and Georgia (one definition of the historical "Stroke Belt"), while nonmetropolitan counties with large numbers of blacks occurred in the coastal plain and other areas (37) (38) (39) .
In summary, among persons aged 65 years and over, stroke incidence was higher in the Southeast than in other regions. These differences were statistically significant in whites and could not be explained by controlling for multiple risk factors in white men. Risk factors explained only part of the difference in white women. Blacks living in nonmetropolitan areas were at increased risk of stroke independent of region or risk factors. The higher stroke mortality observed in the Southeast appears to be associated with higher stroke incidence. Further research is needed to determine the likely causes of this excess morbidity and mortality.
